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Ultrasoniv studies seem to be a complementary technique to 
spectroscopic 11,2] and dielectric [3, 4] methods. The derived 
acotjstical parameters from the experimentally measured values 
(il ulirasonic velocity, density and viscosity provide a tool for 
understanding the molecular behaviour of liquid mixtures. 
The excess values of these parameters and their nonlinear 
vunations observed in liquid mixtures reveal the nature of 
molecular interactions. To facilitate the computation of various 
iicmistical parameters a compact C-program is developed and 
presented.
The definitions and formula of the most commonly used 
iicoListical parameters of pure liquids are briefly presented as
lullows:
/Adiabatic compressibility :
P (pascal" )^ is the fractional decrease of volume per unit increase 
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where, p is density in kg m'^ and U is ultrasonic velocity in
Free length :
Lj (meters) is the distance between the surface of the 
neighbouring molecules |6 ] and is given by
where K.  ^is temperature-dependent constant (for example, it 
has a value of 199.53 x 10"* at 303 K).
Free Volume:
This is the free space between the molecules for movement.




where is Molecular effective weight, rj is viscosity in NS 
m"  ^and K is temperature independent constant (it has a value 
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(poise) is the cohesive force, which is a resultant of force of 
attraction and force of repulsion between the molecules [8], It 
can be conveniently expressed as
M % (4)
This ( T sec) describes the rate at which molecules return to 
their original positions after being displaced by force. The 
relaxation time is estimated from the following relation f 12J
where h is cubic packing, R is universal gas constant and T 
is absolute temperature (b has a constant value of 2 for all 
liquids).
r  = ^T}P.
Gibb's free enerf^y.
(7)
This ( 4 C in ^  mol ’) can be estimated from the following relation
1131:
Molar available volume :
(m  ^mol ') is difference between the molar volume at T{K) 
and at 0 {K). It is the direct measure of the compactness and 
strength of bonding between the molecules of the liquid. The 
available volume of liquid can be calculated from combined 
Jacobson and Schaaffs equation [9, 10|.
where is molar volume at T”K and U is 1600 m/sec.
Specific acoustic impedance :
This is denoted by Z(kg m “ s ')  and fora liquid, is related to the 
ultrasonic velocity as given below ( 1 1 1
Z = pU (6)
AG = -2.303 kT log
k T r :H)
where k is Boltzmann constant, T is temperature in Kelvin and h 
IS Plank's ctmstant.
Attenuation of ultrasonic waves is a charactcristicy)! the 
material and it is represented by the absorption coefficient
(5) (s“ m '). The attenuation constant a  is given by
a  = ('))?^pU'
where, ru is 2?tf, / i s  frequency
These acoustical parameters can be very easily computd 
using the developed simple C-program given m the Appendix 
The variable names representing the acoustical parameieis
I b b l c  1.  V a l u e s  u f  d e n s i t y  ip ) ,  v i s c o s i t y  ( r / ) ,  u l t r a s o n i c  v e l o c i t y  {U )  a n d  a c o u s t i c a l  p a r a m e t e r s  o f  p u r e  l i q u i d s
7  =  3 0 3  K , . /  =  3  M H z
L i q u i d s p
k g  m ’
V
1 0 ’ N S m ^
U  
m s  '
p
10  ' ^ p a  '
h
1 0  ' "  m 1 0 ’ m ’ 
m o l " '
lO** p o i s e
(1
1 0 ‘ m ’
m o l '
Z
lO'^’k g  m  ^ 
s '
T
10  ' ^  s
AG *
1 0 ^ 0  y  
m o l *
fjf / / '
10 -‘\ S ’/tn
1 - p r o p a n o l 7 6 9  2 i . 6 4 5 9 1 1 9 4  3 9  1 1 4 5 0  6 0 2 3 0  3 2 5 1 8 6 2 . 8 3 1 9  8 0 8 0  9 1 8 6 2 . 0 0 0 2 1 . 0 6 1 0 33,02(1
1 - b u t a n o l K 0 0 . 5 2  2 1 4 1 1 2 3 1 . 9 8  2 3 1 7 0  5 7 2 4 0  2 9 9 0 7 9 2  17 2 1 . 3 0 2 0  9 8 6 1 2 . 4 3 0 0 1 . 1 4 2 4 3 8 , 8 0 0
1 - h e x a n o l 8 1 1 3 5 , 5 2 3 0 1 2 8 8  1 7  4 2 8 8 0  5 4 3 8 0  2 5 7 8 6 7 7  9 7 2 4  5 5 2 1 0 4 5 0 3 - 4 8 9 5 1 . 2 9 3 8 5 3  .121
1 - h e p t a n n i 8 1 4  2 4  0 2 2 1 1 3 1 2  7 7  1 2 7 5 0 . 5 2 6 9 0  2 6 3 7 6 1 9  1 0 2 5  6 2 7 1 0 6 8 8 3 . 8 2 2 2 1 3 3 1 9 5 7 . 4 1 0
1 - p c n t a n o l ' " 8 0 6  2 2  7 6 3 9 1 2 7 0  3 7  6 8 6 8 0  5 5 3 2 0  2 9 1 2 7 1 5  3 9 2 2 . 5 3 1 1 . 0 2 4 1 2  8 3 2 7 1 . 2 0 6 6 4 3  9 7 i
T r i c t h y l a m i n e 7 1 8  9 0 . 3 9 4 8 1 0 9 8  5 1 1 5 2 7 0 0 . 6 7 7 4 5 3 3 5 5 2 2 9 . 3 2 4 4  1 1 8 0 . 7 8 9 7 0 . 6 0 6 7 0 . 5 6 1 9 10 80.3
D c n / c n e 8 6 7  4 0  5 6 8 3 1 2 8 2  2 7  0 1 2 4 0  5 2 8 3 2  6 4 2 2 3 9 0 . 3 8 1 7 . 8 8 6 1 1 1 2 2 0 . 5 3 1 3 0 . 5 0 6 3 8 172
H e x a n e * 6 5 8 . 6 0 , 3 0 0 1 1 0 5 4  0 1 3 . 6 6 8 0 0 . 7 3 7 6 5 9 4 7  I 2 3 2  2 0 4 4 , 6 5 5 0 . 6 9 4 2 0  5 4 6 8 0 . 5 1 8 4 10 232
A c c i i c  a c i d ^ 1 0 4 6  7 1 2 3 2 0 1 1 7 5  0 6  9 1 9 8 0  5 2 4 8 0  4 8 9 5 9 2 4 . 8 5 1 5 . 2 3 9 1 . 2 2 9 9 1 . 1 3 6 7 0 . 8 2 4 5 19 07 0
P r o p i o n i c  ac id * ’’ 9 8 0 . 7 0  9 7 8 5 1 1 9 9 3 7 . 0 8 9 5 0  5 3 1 2 0  9 7 7 0 6 1  1 . 4 7 1 8  9 1 8 1 . 1 7 6 1 0 . 9 2 4 9 0  7 3 8 2
15 .2 08
B u t y r i c  a c i d ^ 9 4 f )  3 1 4 8 9 3 1 1 8 8 . 9 7 . 4 7 6 3 0 . 5 4 5 5 0 . 6 6 5 6 6 0 4  7 0 2 3 . 9 1 I 1 . 1 2 5 0 1 . 4 8 4 6 0 . 9 3 6 2
2 4 .6 2 4
* R e f  1141, * R e f  [ 1 5 J ,  ' " R e f  [ 1 0 ] ,  T h e  r e m a i n i n g  R e f  f l 3 ]
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Using the compact, simple, and easily readable C-program, 
ihi‘ aioustical parameters of pure liquids are readily computed 
\M th o u i  a n y  ambiguity. The program has been executed and the 
\:iliics ol the various acoustical parameters obtained for some 
(L' l cvcn) pure liquids, are compared with the previously available 
iiliMaUirc VI dues (Table 1).
l U l ' t T n i c c s
i n  S M o h a n  a n d  R  M u i u g a n  In d ia n  J P u re  App l Phys 3 0  2 8 3  
(10^2)
m  N . i g a k u v a  J Am C/iem. Sor. 7 6  3 0 7 0  ( 1 9 5 4 )  
i n  M a g e e  J C/iern S o r , Fa raday Trans I I  7 0  9 2 9  ( 1 9 7 4 )
41 ( M l  A g a r w a l  a n d  R r a m o d  S h a r m a  Ind ian J Pure Appl Phys 31  
.*i09 ( 1 9 9 3 )
l U  J S K o w b i n s o n  a n d  F  L  S w i n l o n  Liquids and Liquid M ixtures  3 r d  
ccln, ( L o n d o n  : B u t t e r w o r l h  S c i e n t i f i c )  ( 1 9 8 2 )
Kd B J a c o b s o n  A r ia  Chem Srand. 5  1 2 1 4  ( 1 9 .5 1 )
1^1 ( V S i i r y a n a r y a n a  a n d  J K u p p u s a m y  /  A roux t Sac Ind  4 7 5
( 1 9 7 6 )
1^1 ( V S u r y a n a r y a n a  J. A roust. Sor. Ind  7  131 ( 1 9 7 9 )
B K D e w a n ,  C  M  G u p t a  a n d  S  K  M e l h a  A ro u s t ira  6 5  2 4 5  
( 1 9 8 8 )
UOl w S c h a a f f  a n d  M o l e k u l a r a  K u s t i k ,  ( B e r l i n  ■ S p r i n g c r - V c r l a g )  C h s .  
XI a n d  X l l  ( 1 9 6 3 ) ,  Z.  Phys. 1 1 4  1 1 0  ( 1 9 3 9 ) ;  1 1 5  5 9  ( 1 9 4 0 )
1**1 B S N i k a m  a n d  M  H a n s a n  Ind ian J. Pure and Appl Phys. 24 5 0 2  
( 1 9 9 4 )
1*-1 T  M  B e n d e r  a n d  R  P c c o r a  J. Phys Chem. 9 0  ( 1 9 8 6 )
P  V a s n n l h a r a n i  P li D  Thesis  ( A n n a m a l a i  t / n i v e r s t t y ,  I n d i a )  
(2000)
[ 1 4 1  K  R  S u d h a  M Phil. Thesis ( A n n a m a l a i  U n i v e r s i t y .  I n d i a )  ( 1 9 9 5 )
f l 5 J  K  R a m a l i n g a m  Af P h il. Thesis ( A n n a m a l a i  U n i v e r s i t y .  I n d i a )  
( 1 9 8 9 )
1 1 6 ]  L  P a l a i i i a p p a n  Ph D  Thesis ( A n n a m a l a i  U n iv e r s i t y ,  I n d i a )  ( 1 9 9 8 )
A p p e n d i x
C - Program :
/♦COMPLrrATlON OF ACOUSTICAL PARAMETERS OF 












prinlfC’Enler the name of liquid:"); 
scanf("%s",liquid),
printfC'Enter the value of m,d,cLu\n"); 
scanfr%e%f%e‘7rf",c&m,&d,&el,&u);
cirscrO;





















a 2 = f x w ( x , y ) ;
z 2 = a J / a 2 ;
1 ^ 8 . 3 1 ;
i p = b * r * t * z  1 * 7 . 2 ;
p r i n t f ( " \ l \ t l n t e r n a l  p r e , s s i i r e  = ‘^ 7 r 6 . 4 e \ n " . i p ) ;  
a v = m * ( l - ( u / u a ) ) / d ;
p r i n t l ' ( " \ l \ t A v a i l a b l c  v o l u m e  = ' ) } ' 6 . 4 e \ n " . a v ) ;
ai=u*d;
printf("\t\tAcoustic Impedance =%6.4e\n",ai); 
rt=(1.3333)*ac*el;
printf("\t\tRelaxation time =%6.4e\n",rt); 
gfe=(-2.303*k*t)*logl0(h/(k*t*rt)); 
printf("\t\tGibbs free energy =%6.4e\n",gfc); 
w=2*3.14*f;
abs=(2*w*w*e 1 )/(3*d*u*u*u*f*f);
printf("\t\t Absorption coefficient=%6.4e\n'',abs);
getchO;
